Field trials were conducted at a farmer's field in Talagang In the Fusarium inoculated control, disease incidence and plant mortality was 85 and 22.2%, respectively whereas, disease incidence and plant mortality were both 0% in non inoculated control. All the manuring treatments managed the disease to variable extent and influenced agronomic characters of groundnut. Poultry manure was the most effective in disease management followed by cattle manure.
INTRODUCTION
Disease incidence is a major constraint to successful crop production. The causal agents of diseases are nematodes, actinomycetes, fungi and bacteria. Among these, soil-borne fungal plant pathogens cause serious economic losses (Mathur and Cunfer, 1993) . Generally, these pathogens infect underground parts of the plant and reduce yield (Wisniewska and Chelkowski, 1999) . Several soil borne fungal pathogens such as Fusarium, Sclerotium, Rhizoctonia, Rhizopus, Pythium, Verticillium, Sclerotinia, Cylindrocladium, Penicillium and Aspergillus species, cause diseases in groundnut (Arachis hypogeae L.) throughout the world (Kokalis-Burelle et al., 1997) . The most devastating and economically important of these is Fusarium solani (Mart) Sacc. Which causes root rot in groundnut (Semangun, 1993) .
Groundnut is a leguminous plant belonging to family Fabaceae. It is a multipurpose crop. Every part of the plant has its own utility (NPC, 1990) . Over 330 products can be commercially produced from groundnut (Idama 1990) . The seed of the groundnut has great nutritional value; it contains 47% fat, 38.61% protein, 5.8% moisture, 1.81% carbohydrate, 3.70% crude fiber and 3.08% ash (Atasie et al., 2009) . Being a leguminous crop, *Corresponding author. E-mail: shakil786gcl@yahoo.com. groundnut increases soil fertility by fixing nitrogen without disturbing the agro ecological balance (Reddy and Kaul, 1986) .
Groundnut is grown on over 26.4 million hectares worldwide with annual production of 35.6 million tonnes (FAO, 2007) . In Pakistan, the crop is cultivated over an area of 93 thousand hectares with an annual production of 85 thousand tones (MINFAL 2009) . Over 70% of groundnut production occurs in Punjab (Attock, Chakwal, Mianwali and Rawalpindi). Root rot has emerged as a threat to groundnut crop (Rojo et al., 2007) . Application of synthetic pesticides is an effective and efficient way of disease management (Kiran et al., 2006) .
Cost of the chemical fungicides, pollution to soil, air, water and development of resistant to these chemicals are diverting scientists' attention towards the practices which are ecologically safe and friendly. Therefore, interest has grown in the use of cultural practices such as manuring, tillage, intercropping and crop rotation to reduce disease. Maintenance of productivity of agricultural soils through application of manures and byproducts of the seafood and livestock industries has been a common practice for millennia (Davey, 1996; Barker et al., 2000; Lazarovits, 2001) . The incidence of wilt and scab in potato was reduced by single manure application (Conn and Lazarovits, 1999) . Vanaja and Raju (2003) reported the highest seed and stalk yield of sunflower 
Treatment
Disease incidence ( In each column, values with different letters show significant difference (p≤0.05) as determined by Duncan's multiple range test. *No amendment and no inoculation; ** Fusarium solani inoculation alone; *** Fusarium solani; **** Disease severity = root rot symptoms assessed on visual rating scale (0 to 3) where: 0 = clean, 1 = slightly affected roots (<25%), 2 = moderately affected roots (<50%) and 3 = severely affected roots (>75%) (Ledingham et al., 1973) .
with the application of poultry manure as compared to other organic manures. In this scenario, a study was undertaken to evaluate the effect of several manures on root rot disease and the agronomic characters of groundnut No. 334, under agro-ecological conditions of Chakwal, Pakistan.
MATERIALS AND METHODS
The experiment was conducted under rain fed conditions, at farmer's field of Talagang (Chakwal) Punjab, Pakistan. The latitude and longitude of site is 32.5° N and 72.2° E, respectively. The annual rainfall is 300 to 500 mm and the climate is semiarid.
Soil analysis
The nature of the field soil was loamy sand. The pH of the soil was 7.8 containing 2.1 g kg -1 organic C contents, 1.6 mg kg -1 phosphorous and 7.3 mg kg -1 sulphur. The concentration of micronutrients (zinc, copper, iron and manganese) was 1.28, 0.95, 5.7 and 2.5 mg kg -1 , respectively.
Soil sterilization
Soil was sterilized by sprinkling 10% formalin solution followed by plough and then covered with transparent plastic sheet for 72 h (Miller, 1950) .
Inoculum preparation
Inoculum of Fusarium solani was produced on chickpea (Cicer ariantum L.) (Riaz et al., 2007) .
Treatments and experimental design
The . A randomized complete block design (RCBD) with three replications was used. After two weeks of manuring, chickpea based Fusarium inoculum was added to the soil at 800 kg ha -1 . Three days after plots inoculation, groundnut was sown using a hand drill at a depth of 5 to 7 cm. Row to row distance and plant to plant distance was 45 and15 cm, respectively.
Data collection and statistical analysis
Evaluation of the treatments on disease and agronomic performance was based on following parameters: Days to first flower; pod plant -1 ; days to maturity; plant weight (g); number of branches plant -1 ; number of pegs plant -1 ; root length (cm); plant height (cm); 100 pod weight; yield (kg ha -1 ); disease incidence (%); plant mortality (%); disease severity.
All the data were analysed by analysis of variance and Duncan's multiple range test was used to separate treatment means (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
All the manuring treatments significantly reduced root rot disease (Table 1) . No root rot disease occurred in the non-inoculated and non-amended negative control, whereas disease incidence and plant mortality was 85 and 22.2%, respectively in positive control. Poultry manure followed by cattle manure was the best treatments for reducing disease incidence, plant mortality and disease severity. In the poultry manure treatment, disease incidence was reduced to 16%, and plant mortality to 6%. Cattle manure suppressed disease incidence and plant mortality and disease to 19 and 6%, respectively ( Table 1) .
The disease suppression reported was probably due to decrease in pathogen population. Islam and Toyota 
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Number of peg plant (2004) reported that poultry manure and farm yard manure suppressed bacterial wilt of tomato caused by Ralstonia solanacearum. It can be concluded that manures upon decomposition release nitrogen contents and allelochemicals leading to disease suppression. Similarly, Bailey and Lazarovits (2003) reported that organic amendments, manures and composts with high nitrogen contents, may suppress soil-borne diseases by releasing allelochemicals produced during product storage or by ultimate microbial decomposition. In general, all the manuring treatments suppressed root rot of groundnut caused by F. solani, and had a positive influence on the growth and yield components of the crop. Flowering initiation was significantly affected by manuring treatments. Flower initiation was delayed seven days in inoculated control as compared to non inoculated control. In poultry manure and cattle manure, flowering time was similar to those of non inoculated control (Table  2) .
Manuring treatments exhibited highly significant effect on days to maturity. In inoculated control, plants reached maturity in 161 days as compared to non inoculated control in 135 days. In poultry manure, plants took 137 days to reach maturity stage, whereas in all other manuring treatments, maturity time ranged from 157 to 185 days (Table 2) .
Number of branches per plant was lowest (10 palnt -1 ) in inoculated control where highest number (17 palnt -1 ) was observed in non inoculated control followed by poultry manure and farmyard manure (14 palnt -1 ) ( Table 2) . Fusarium inoculation suppressed plant height and weight, whereas the effect of manuring treatments on the same parameter was either positive or neutral (Table 2 ). All the manuring treatments have positive effect on peg and pod number, whereas Fusarium inoculation had a suppressive effect (Table 3 ). The effect of all the treatments on yield was highly significant. All manuring treatments increased yield. Organic material improved soil physical and chemical properties. The highest yield (2557 kg/ha) was recorded in cattle manure followed by poultry manure (2087 kg/ha) ( Table 3 ). These findings are in accordance with those of Tanimu et al. (2007) that incorporation of leguminous plant material increased grain yield. Manuring improves soil properties and conserves water and thus enhances plant growth (Chaudhry et al., 2004) . Furthermore, release of nutrients from plant material upon decomposition may contribute to increased plant productivity (Giller and Wilson, 1991) .
